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Abstract

This study aimed to investigate the curative effects of shikonin on Allergic Rhinitis (AR) in rats and
explore the related mechanism. Fifty Sprague-Dawley rats were randomly divided into control group,
model group, and low-, medium- and high-dose shikonin group, 10 rats in each group. In the later 4
groups, the AR model was constructed by intraperitoneal injection with ovalbumin suspension. In
addition, the rats in low-, medium- and high-dose shikonin group received the intraperitoneal injection
of shikonin with dose of 200, 400 and 600 μg/kg, respectively. On the 2, 4 and 6 d of experiment, the
animal behavior score was measured. On the last day, the peripheral blood was taken, and the serum
Interleukin-4 (IL-4), Interferon-γ (IFN-γ) and OVA-specific Immunoglobulin E (IgE) levels were
determined using ELISA. The bilateral nasal mucosa tissues were taken. The Superoxide Dismutase
(SOD), Malondialdehyde (MDA) and Glutathione Peroxidase (GSH-Px) levels in nasal mucosa tissue
were determined, and the expression levels of T-bet and GATA-3 protein were detected. Results showed
that, compared with model group, the AR features of rats in shikonin group was mitigated, the serum
OVA-specific IgE and IL-4 level were decreased, and the serum IFN-γ level was increased. Compared
with model group, the SOD and GSH-Px levels in nasal mucosa tissue in shikonin group was increased,
and the MDA level was decreased. Compared with model group, the expression level of T-bet protein in
nasal mucosa tissue in shikonin group was increased, and the GATA-3 expression level was decreased. In
conclusion, shikonin can mitigate the AR in rats, which may be related to its anti-oxidative stress effects
and regulation of T-bet and GATA-3 protein expression in nasal mucosa tissue.
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Introduction
Allergic Rhinitis (AR) is an immediate hypersensitivity disease
which occurs in the nasal mucosa and is mediated by
Immunoglobulin E (IgE). AR is common in children and
adults. It can affect the people's life quality, work and learning
efficiency, and increase healthcare costs [1]. AR is closely
associated with asthma. It is one of the risk factors of asthma.
Both of AR and asthma belong to airway hyperresponsiveness
diseases, and simultaneously exist in many patients. The active
treatment of AR is one of the effective measures of preventing
or reducing bronchial asthma [2]. The main features of AR are
the nasal itching, sneezing, watery mucus and nasal congestion
[3]. Some AR patients also have the hyposmia, hypogeusia,
sleep disorders, headaches, and even anxiety and mood
disorders [4,5]. The incidence of AR is increasing year by year,
and it is an important problem that extensively affects the
human health. Shikonin is a naphthoquinone compound
extracted from the root of traditional Chinese herb Symphytum
officinale. Studies show that, shikonin and its derivatives can
inhibit the growth of bacteria and fungi, promote the tissue
healing, inhibit the tumor cell proliferation, and promote the
apoptosis [6-8]. In addition, it has the anti-inflammatory,

antioxidant and anti-HIV activities [9-11], and involves
complex cellular and molecular mechanisms. However, the
effect of shikonin on AR has not been reported. This study
investigated the curative effects of shikonin on allergic rhinitis
in rats and explored the related mechanism. The objective was
to provide a basis for clinical application of shikonin to
treatment of AR.

Materials and Methods

Animal grouping and treatment
Fifty male SD (Beijing Vital River Laboratory Animal
Technology Co., Ltd., Beijing, China) rats were randomly
divided into control group, model group, and low-, medium-
and high-dose shikonin group, 10 rats in each group. In the
later 4 groups, the AR model of rats was constructed according
to the reported methods [12]. In the basic immune stage, each
rat was intraperitoneally injected with Ovalbumin (OVA)
suspension (20 mg OVA and 30 mg aluminum hydroxide were
dissolved in 1 ml of normal saline; Sigma-Aldrich Corp., MO,
USA), once every other day, for a total of 6 times. In the
control group, normal saline substituting OVA suspension was
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intraperitoneally injected. In the excitation stage, each modeled
rat received the bilateral intranasal drop of 20-50 μl OVA
normal saline solution (50 μg/L), once a day, a total of 6 times.
The rats in control group received bilateral intranasal drop of
normal saline instead of OVA solution. In low-, medium- and
high-dose shikonin group, at 30 min before each excitation,
200, 400 and 600 μg/kg shikonin was used for intraperitoneal
injection, respectively, once a day, a total of 6 times.

Determination of behavioral features of rats
On the 2, 4 and 6 d of experiment, the animal behavior features
were determined within 30 min from excitation, which was
based on the total volume of nasal discharge, number of
sneezing and number of nose scratching. The scoring standards
were as follows: i) nose scratching: incessant nose scratching,
3 points; frequent nose scratching (10-20 times/min), 2 points;
mild nose scratching, 1 point; no nose scratching 0 point; ii)
sneezing: ≥ 11 sneezes, 3 points; 4-10 sneezes, 2 points; 1-3
sneezes, 1 point; no sneeze, 0 point; iii) nasal discharge: face
covered with nasal discharge, 3 points; nasal discharge beyond
the nostril, 2 points; nasal discharge reaching the nostril, 1
point; no nasal discharge, 0 point.

Determination of serum levels of interleukin-4,
interferon-γ and OVA-specific IgE
At the end of experiment, the peripheral blood of rats was
taken by eyeball picking method. After standing for 2 h, the
blood was centrifuged at 256X g for 10 min, and the
supernatant was obtained. The serum levels of Interleukin-4
(IL-4), Interferon-γ (IFN-γ) and OVA-specific IgE were
determined using ELISA. The procedure was according to the
instructions of kits (Sigma-Aldrich Corp., MO, USA).

Determination of superoxide dismutase, glutathione
peroxidase and malondialdehyde levels in nasal
mucosa tissue
The rats were executed. The bilateral nasal mucosa tissues
were taken. The 10% tissue homogenate was prepared using
4°C physiological saline. After refrigerating at 256X g and 4°C
for 10 min, the supernatant was obtained for further use. The
Superoxide Dismutase (SOD) level was detected by xanthine
oxidase method [13]. The Glutathione Peroxidase (GSH-Px)
level was measured by reduced glutathione depletion method
[14]. The content of Malondialdehyde (MDA) was analysed by
thiobarbituric acid colorimetric assay [15].

Determination of T-bet and GATA-3 protein
expression in nasal mucosa tissue
The expressions of T-bet and GATA-3 protein in nasal mucosa
tissue were determined using western blot assay. The nasal
mucosa tissues were homogenized. The protein was extracted
using RIPA lysis buffer (Santa Cruz Biotechnology (Shanghai)
Co., Ltd., Shanghai, China). The protein concentration was
determined by Coomassie brilliant blue method. 50 μg protein
was used for the SDS-PAGE (Sigma-Aldrich Corp., MO,

USA), then the separated protein was transferred to the PVDF
membrane (Shanghai Sangon Biological Engineering
Technology And Service Co., Ltd., Shanghai, China). After
blocking using l% BSA (Fuzhou Maixin Biotechnology
Development Co., Ltd., Fuzhou, China), the membranes were
incubated with primary antibody overnight at 4°C, followed by
washing with PBS. The horseradish peroxidase-labeled second
antibody was added, followed by incubation at 37°C for 2 h.
Visualization was accomplished by the enhanced
chemiluminescence (ECL plus Western-blotting detection
system, GE Healthcare Life Sciences, MA, USA). The
intensity of bands was calculated with Image J 1.46 analysis
software (European Molecular Biology Laboratory Inc.,
Oxford, UK). The primary and secondary antibodies were
provided by Fuzhou Maixin Biotechnology Development Co.,
Ltd. (Fuzhou, China). β-actin (Sigma-Aldrich Corp., MO,
USA) was used as the internal reference.

Statistical analysis
All statistical analysis was carried out using SPSS 19.0
software (SPSS Inc., Chicago, IL, USA). The data were
presented as mean ± SD. The difference between two groups
was analysed using one-way ANOVA with SNK-q test. p<0.05
was considered as statistically significant.

Results

Effect of shikonin on behavioral features of AR rats
After OVA stimulation, compared with the control group, the
rats in the model group presented obvious AR features
including nasal itching, sneezing and scratching face.
Compared with the model group, the AR features in three
shikonin groups were mitigated. In model and three shikonin
groups, the behavioral score of rats was gradually increased,
with the time prolonging in excitation stage. On the d 2, 4 and
6 of excitation stage, the behavioral score in model group was
significantly higher than control group, respectively (p<0.05).
Compared with model group, the behavioral scores in high-
dose shikonin group (d 2), middle- and high-dose shikonin
group (d 4) and low-, middle- and high-dose shikonin group (d
6) were significantly decreased, respectively (p<0.05) (Table
1).

Effect of shikonin on serum OVA-specific IgE level
At the end of experiment, compared with the control group, the
serum OVA-specific IgE level in model group was
significantly increased, respectively (p<0.05). Compared with
the model group, the serum OVA-specific IgE level in three
shikonin groups were significantly decreased, respectively
(p<0.05). In addition, there was significant difference between
each two of three shikonin groups (p<0.05) (Figure 1).
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Figure 1. Effect of shikonin on serum OVA-specific IgE level. ap<0.01
compared with control group; bp<0.05 compared with model group;
cp<0.05 compared with low-dose shikonin group; dp<0.05 compared
with middle-dose shikonin group. OVA: Ovalbumin; IgE:
Immunoglobulin E.

Effect of shikonin on serum IL-4 and IFN-γ level
Compared with the control group, the serum IL-4 level in
model group was significantly increased (p<0.05), and the
serum IFN-γ level in model group was significantly decreased
(p<0.05). Compared with the model group, the serum IL-4
levels in middle- and high-dose shikonin group were
significantly decreased, respectively (p<0.05), and the serum
IFN-γ level in these two groups were significantly increased,
respectively (p<0.05) (Table 2).

Effect of shikonin on SOD, GSH-Px and MDA levels
in nasal mucosa tissue
Compared with the control group, the SOD and GSH-Px levels
in nasal mucosa tissue in model group were significantly
decreased, respectively (p<0.05), and the content of MDA was
significantly increased (p<0.05). Compared the model group,
the SOD levels in middle- and high-dose shikonin group were
significantly increased, respectively (p<0.05), In addition, the
GSH-Px levels in low-, middle- and high-dose shikonin group
were significantly increased, respectively (p<0.05), and the
content of MDA in these three groups were significantly
decreased, respectively (p<0.05) (Table 3).

Effect of shikonin on T-bet and GATA-3 protein
expression in nasal mucosa tissue
Compared with the control group, the expression level of T-bet
protein in nasal mucosa tissue in model group was significantly
decreased (p<0.05), and the expression level of GATA-3
protein was significantly increased (p<0.05). Compared with

the model group, the expression level of T-bet protein in low-,
middle- and high-dose shikonin group were significantly
increased, respectively (p<0.05), and the expression level of
GATA-3 protein in these three groups were significantly
decreased, respectively (p<0.05) (Figure 2).

Figure 2. Effect of shikonin on T-bet and GATA-3 protein expression
in nasal mucosa tissue. ap<0.01 compared with control group;
bp<0.05 compared with model group; cp<0.05 compared with low-
dose shikonin group; dp<0.05 compared with middle-dose shikonin
group.

Table 1. Effect of shikonin on behavioral features of AR rats.

Group Day 2 Day 4 Day 6

Control 0.45 ± 0.04 0.61 ± 0.05 0.55 ± 0.06

Model 4.43 ± 0.86a 6.12 ± 0.98a 6.56 ± 1.02a

Low-dose shikonin 4.36 ± 1.04a 5.42 ± 0.72a 5.62 ± 0.89ab

Middle-dose shikonin 4.12 ± 0.56ac 5.04 ± 0.81ab 5.14 ± 1.01ab

High-dose shikonin 3.34 ± 0.58abcd 4.57 ± 0.62abc 4.87 ± 0.87ab

ap<0.01 compared with control group; bp<0.05 compared with model group;
cp<0.05 compared with low-dose shikonin group; dp<0.05 compared with
middle-dose shikonin group.

Table 2. Effect of shikonin on serum IL-4 and IFN-γ level.

Group IL-4 (pg/ml) IFN-γ (pg/ml)

Control 160.57 ± 22.17 423.28 ± 56.45

Model 280.17 ± 32.29a 236.28 ± 45.11a

Low-dose shikonin 300.21 ± 38.62a 262.36 ± 33.83a

Middle-dose shikonin 234.27 ± 38.82abc 323.26 ± 51.09abc

High-dose shikonin 201.57 ± 29.05abcd 367.45 ± 49.27abc

ap<0.01 compared with control group; bp<0.05 compared with model group;
cp<0.05 compared with low-dose shikonin group; dp<0.05 compared with
middle-dose shikonin group.

Table 3. Effect of shikonin on SOD, GSH-Px and MDA levels in nasal mucosa tissue.

Group SOD (U/mgprot) GSH-Px(U/mgprot) MDA (mmol/mgprot)

Control 189.66 ± 21.34 140.01 ± 18.67 3.45 ± 0.46

Model 135.81 ± 15.71a 84.21 ± 12.32a 8.27 ± 1.01a

Low-dose shikonin 143.24 ± 13.27a 95.89 ± 11.93ab 6.29 ± 0.78ab
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Middle-dose shikonin 153.37 ± 17.38abc 115.67 ± 13.41abc 5.34 ± 0.68abc

High-dose shikonin 171.91 ± 11.21abd 126.23 ± 16.44bc 4.12 ± 0.72abcd

ap<0.01 compared with control group; bp<0.05 compared with model group; cp<0.05 compared with low-dose shikonin group; dp<0.05 compared with middle-dose
shikonin group. SOD: Superoxide Dismutase; GSH-Px: Glutathione Peroxidase; MDA: Malondialdehyde.

Discussion
At present, the treatments of AR mainly involve avoiding
allergen, drug therapy and desensitization therapy, among
which the drug therapy is the most common used way [1]. The
commonly clinically used drugs for treatment of AR include
antihistamines, nasal hormones, anti-leukotriene drugs, anti-
acetylcholine drugs, anti-congestion drugs, and traditional
Chinese medicines [16-19]. However, so far there is no
Chinese herbal extract with definite component for clinical
first-line treatment of AR. This study established the AR model
of rats using OVA stimulation, and applied shikonin to
treatment of AR. Results showed that, after OVA stimulation,
compared with the control group, the rats in the model group of
presented obvious AR symptoms. Compared with the model
group, the symptoms in shikonin group were mitigated. In
addition, compared with the control group, the behavioral score
and OVA-specific IgE level in model group were significantly
increased (p<0.05), but those in shikonin group were
significantly decreased, compared with the model group
(p<0.05). This indicates that, the AR model of rats has been
successfully constructed in this study, and the shikonin can
obviously alleviate the OVA-induced AR.

IL-4 is a lymphokine produced by T helper (Th) cells. The
effect of IL-4 on immune response is mainly its inhibition of
cellular immunity and promotion of humoral immunity,
especially the IgE reaction [20]. IL-4 is a specific inducer of
IgE, and it regulates the release of a variety of inflammatory
mediators from immune cells, resulting increased mucus
secretion in nasal mucosain, increased vascular permeability
and inflammatory cells infiltration [21]. IFN-γ is the cytokine
secreted by Th1 cells. The main role of IFN-γ is the induction
of B cells to produce IgG and IgM, and inhibition of IgE
production. It can enhance Th1 cell immune response and
inhibit Th2 cell responses [22]. It is found that, reducing the
IL-4 level in the blood and increasing the IFN-γ level can
alleviate the pathological lesion of AR in rats [23]. In this
study, compared with the control group, the serum IL-4 level in
model group was significantly increased, respectively
(P<0.05), and the serum IFN-γ level in model group was
significantly decreased (P<0.05). Compared with the model
group, the serum IL-4 levels in middle- and high-dose shikonin
group were significantly decreased, respectively (P<0.05), and
the serum IFN-γ level in these two groups were significantly
increased, respectively (P<0.05). This indicates that, the
mechanism of shikonin alleviating AR may be related to its
decreasing IL-4 level and increasing IFN-γ level in the body.

Oxidative stress is involved in many pathophysiological
processes of the body. The cytotoxicity of reactive oxygen
species can affect the cell function, thus causing progressive

damage to body and aggravating the disease status [24].
Oxidative stress is also an important mechanism in the
pathogenesis of AR. Oxidative stress and allergic reactions
interact with each other, thus aggravating the symptoms of AR
[25]. SOD, GSH-Px and MDA are the important indicators
which reflect the oxidative stress degree in the body. Results of
this study showed that, compared with the model group, the
SOD levels in middle- and high-dose shikonin group were
significantly increased, respectively (p<0.05), the GSH-Px
levels in low-, middle- and high-dose shikonin group were
significantly increased, respectively (p<0.05), and the content
of MDA in 3 shikonin groups were significantly decreased,
respectively. This indicates that, the shikonin has the anti-
oxidative stress effects, which may be related to its role in
alleviating AR.

It is found that, the mechanism of AR is related to Th1/Th2
imbalance in the body [26]. T-bet and GATA-3 are important
transcription factors in the process of Th cell differentiation. T-
bet can promote the differentiation of Th1 cells. The role of
GATA-3 is contrary to T-bet. It regulates the differentiation of
Th2 cells and secretion of Th2-type cytokines, thereby
inhibiting the differentiation of Th1 cells. T-bet/GATA-3
balance determines the fate of T cells, and can be used as an
important index to evaluate the Th1/Th2 imbalance in AR
[27,28]. Results of this study showed that, compared with the
model group, the expression level of T-bet protein in low-,
middle- and high-dose shikonin group were significantly
increased, respectively (p<0.05), and the expression level of
GATA-3 protein in these three groups were significantly
decreased, respectively (p<0.05). This indicates that, the role of
shikonin in alleviating AR may be related to its regulation of T-
bet/GATA-3 signaling pathway in the body.

In conclusion, shikonin can mitigate the AR in rats, which may
be related to its anti-oxidative stress effects and regulation of
T-bet and GATA-3 protein expression in nasal mucosa tissue.
This study has provided an experimental basis for the clinical
application of shikonin to treatment of AR. However, whether
there are other mechanisms of shikonin in alleviating AR
should be further studied.
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